In September 1835, the HMS Beagle reached the Galápagos Islands, where Darwin spent fi ve weeks exploring the local wildlife. He found it quite different from the nearest continental mainland, Ecuador, which is around 1,000 kilometres away. Mammalian predators and insects were conspicuously absent. On the uninhabited islands of the archipelago, wildlife was unafraid of human visitors and thus easy to study, catch or shoot. As was usual procedure at the time, the Beagle crew picked up giant tortoises to stack them in the hull of the vessel as live meat provision.
Birds were thriving in a confusing variety of closely related species, including the fi nches which Darwin was to study in detail based on the specimens he had shot during his visit. These observations were to become a key foundation of his nascent theory of evolution of species, where he emphasizes the role of geographic barriers for the divergence of species.
After Darwin's realisation that species change over time, it took another century for humanity to become aware that our planet also gradually changes as continents move around, disrupting connections and creating new ones. Sea level changes caused by climate change have also redrawn the map as recently as the end of the last glacial period, when Britain became an island. The Galápagos archipelago, appearing out of the ocean due to volcanic activity just a few million years ago, may be an extreme example, but even on the continental land masses geography changes all the time, typically on a timescale similar to that of the evolution of species.
Establishing the connection between geographic and biological change, the pioneers of island biogeography set out to establish rules to understand how the isolation of islands infl uences the fate of species. Well ahead of his time, Georges-Louis Leclerc, Comte de Buffon (1707-1788) had speculated that the Old and New World had once been connected. Darwin and his contemporaries then went on to link evolution to geography, although they were still hindered by the lack of awareness of continental drift. Championed by Alfred Wegener since 1912, the idea that continents move around only became widely accepted in the 1950s when plate tectonics provided a plausible mechanism for their movements and subsequent sea fl oor exploration revealed the spread and subduction zones where the ocean fl oor grows and shrinks, respectively.
With these foundations in place, Robert MacArthur (1930 MacArthur ( -1972 With these fundamental concepts, ecologists have gone on to study biodiversity in many parts of the world, not just on islands. The conceptual framework has proven useful for isolated habitats on dry land, such as mountain tops or lakes, as well as fragments of nature cut off by man-made structures like roads or agricultural land. Even under water, marine biologists can fi nd islands of life following variations of these rules.
Islands on the land
Water around islands is not the only medium that can isolate a species. On the continents, natural environments like oases in the desert, highland biotopes surrounded by lowlands,
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Life's islands under the sea Islands, with their effective but leaky isolation from the rest of the world, have helped evolution to produce some remarkable diversity, as Darwin noticed when he visited the Galápagos archipelago. Since then, the theory of island biogeography has enabled ecologists to understand the fate of species in similarly isolated locations on the continents and even under water. Michael Gross reports.
Splendid isolation: Biodiversity on and around islands can be very different from the nearest mainland. Island biogeography models these phenomena on the basis of dispersal and extinction. R1038 Current Biology 27, R1037-R1059, October 9, 2017 caves, and lakes under the ice shield of Antarctica (Curr. Biol. (2014) 24, R941-R944) can act as islands for a segregated set of species. As the barriers between such areas may be surmountable for some species but not for others, the degree of isolation tends to depend on the kind of species studied.
Conservation science soon realised that island biogeography also applies to issues like forest fragmentation, where the surrounding matrix, impenetrable for many forest specialists, can be agricultural land or savannah. The Biological Dynamics of Forest Fragments Project (BDFFP), a long-running ecological experiment in Brazil, where forest land was fragmented and studied over decades, has shown that very similar considerations apply in this situation as on islands (Curr. Biol. (2017) 27, R681-R684).
Other ecological islands on dry land include areas cut off by the dramatically accelerating global infrastructure development that will see 25 million kilometres of road built between 2010 and 2050, a 60% expansion of the existing network (Curr. Biol. (2016) The results from island biogeography studies and fragmentation analyses like BDFFP have revealed that, for effi cient conservation, larger, undisturbed reserves are better. This philosophy has also informed the installation of wildlife corridors connecting protected areas like the jaguar corridor established in 2012 to connect the big cat's territories in Central and South America (Curr. Biol. (2012) 22, R893-R895). On a local scale, small measures like wildlife bridges or tunnels across roads and fi sh ladders bypassing dams can help to avoid further fragmentation of wildlife habitat.
How protected areas can best protect species is also an urgent question in the marine realm. Does island biogeography also apply under water and can it help marine conservation?
Islands under the sea
The marine environment includes many potential ecological islands, such as coral reefs, shallow water biotopes around islands and sea mounts, and the surprisingly rich biotopes surrounding warm springs and hydrothermal vents at the ocean fl oor. While all of these are isolated due to being surrounded by a matrix with clearly different conditions, the fl uidity of the matrix and the lack of clear boundaries complicate the situation, meaning that research on submarine ecological islands is relatively sparse.
Sea fl oor communities thriving in the extreme heat and unusual chemical conditions around hot springs and hydrothermal vents provide a dramatic example of isolation in aquatic environments. Their habitats only have a limited lifetime due to the variability of geological activity and they tend to be hundreds of kilometres away from similar sites. And yet, similar communities have been described in distant locations, leading researchers to conclude that the random distribution of large numbers of larvae with the ocean currents must help to maintain exchange over long distances.
Conversely, Shana Goffredi and colleagues from the Monterey Bay Aquarium Research Institute at Moss Landing, USA, have recently described two hydrothermal vent fi elds located just 75 kilometres apart within the Gulf of California, but hosting very different fauna (Proc. R. Soc. B (2017) 20170817, http://dx.doi. org/110.1098/rspb.2017.0817). As it turns out, the different geochemistry of the vents favours very different groups of species. The recently discovered Pescadero Basin vent fi eld, in particular, is different from most known sites in that its fl uids pass sea fl oor sediment and convert biomaterial into methane and other hydrocarbons. The fauna described at this site consists mainly of worm species, many of which were new to science.
The authors note that these fi ndings have implications for conservation concerns associated with the nascent industry of deep-sea mining. Commercial operators are about to start using heavy robotic equipment to harvest minerals containing metals such as copper, zinc, silver and Current Biology 27, R1037-R1059, October 9, 2017 R1039 gold from the deposits accumulated around such sites (Curr. Biol. (2015) 25, 1019-1021). The operations risk destroying the local fauna, so the decision on whether or not they are permissible depends on the prospects of recolonisation of the sites after the minerals have been harvested.
Closer to the sea surface, on the background of the current crisis threatening the loss of most coral reefs due to ocean warming, coral researchers have studied the dispersal mechanisms of corals more closely. Migration to higher latitudes may save some coral populations from extinction, but a lack of suitable submarine substrates means that humans may have to help them break out of their insular confi nement (Curr.
Biol. (2016) 26, R481-R484).
Like the corals themselves, reef fi shes may also be confi ned by the insular habitats provided by reefs. However, ecological islands under the water line have so far been neglected by island biogeography, according to Hudson Pinheiro from the California Academy of Sciences at San Francisco, USA, and colleagues. These researchers have studied the evolution of ten endemic fi sh species at the Vitoria Trinidade Chain in the South Atlantic, off the coast of Brazil (Nature (2017) 549, 82-85). This is a volcanic ridge which at current sea levels features shallow reefs and two small islands only at its eastern end (more than 1,200 kilometres from the mainland), while several former islands are present as sea mounts between 20 and 60 metres below the sea surface. At lower sea levels in the Pleistocene, there were up to 11 islands forming a chain towards the mainland, with shallow water habitats only separated by 100 kilometres of deep water.
Due to their extremely isolated location, low biodiversity, and wellcharacterised geological history, these islands are a useful natural laboratory to test the predictions of island biogeography for life under water. Analysing the haplotypes of ten endemic species from the island complex and from sea mounts in the chain, Pinheiro and colleagues could reconstruct how immigration from the mainland at low sea levels and extinction shaped the biodiversity of these isolated locations. They found that seven of the ten endemic species studied have colonised the islands during the Pleistocene, presumably taking advantage of the sea level fl uctuations and the emergence of island stepping stones between the current islands and the mainland.
Only three species, referred to as palaeoendemics, arrived in earlier epochs (Pliocene or Miocene) and survived Pleistocene climate change, while their relatives on the coast of the mainland appear to have gone extinct. Although island locations generally carry a high risk of extinction, this fi nding shows that they can also serve as a refuge for some species.
Analysing their fi ndings in the framework of island biogeography, the authors note that extreme isolation effects seen in terrestrial island biotopes are less likely, as dispersion is easier in the fl uid medium and most niches are rapidly fi lled by effi cient dispersers. Only thanks to the unique emergence of stepping stone islands at low sea levels in the Pleistocene could weak dispersers colonise the shallow waters of the island chain and become endemic there. While the general rules of island geography still apply under water, the authors conclude, their interactions with geological and climate change affect marine species in different ways compared with terrestrial ones.
A much more complex situation is found in the 'Coral Triangle', the area between the Indian and Pacifi c Ocean, which hosts the highest marine biodiversity known. Biogeographers have long debated whether this wealth of species is due to particular productivity in speciation, or to an overlap of species ranges originating from both oceans. In other words, depending on the direction of species dispersal, the area could be a source or a sink of biodiversity.
In a recent study using populationlevel DNA analyses to map the evolution of the species range of coral reef assemblies, the group of Martin Genner at the University of Bristol, UK found that the longerestablished populations tended to be closer to the heart of the Coral Triangle, suggesting that it acts as a source rather than a sink (Biol. Lett. (2016) 12, 20160090) .
A better understanding of marine biogeography is crucial if we want to save the uniquely rich marine fauna, which has so far escaped the Holocene mass extinction infl icted on terrestrial species by the rapid expansion of Homo sapiens (Curr. Biol. (2015) 25, R209-R212) . The beginning industrialisation of resource R1040 Current Biology 27, R1037-R1059, October 9, 2017 extraction from the oceans and the sea fl oor is threatening marine biodiversity and requires protection based on a profound understanding of how marine communities are connected to each other and to their environment.
In September 2016, the World Conservation Congress, held at Hawaii by the International Union for Conservation of Nature (IUCN) passed a resolution calling on governments to set apart 30% of oceans as 'highly protected' areas. Currently, only around 2% of the oceans are protected. However, China and Japan were among the minority of countries opposing this resolution as too ambitious. On the other hand, E.O. Wilson has argued that 30% is not enough, and called for half the ocean area to be protected.
Our island in space
On September 15, 2017, the spacecraft Cassini plunged into the atmosphere of Saturn, where it must have evaporated within minutes. After a spectacularly successful 13-year stay in the Saturn system, the craft had run out of power and NASA decided on the 120,000 km/h kamikaze crash partly out of fear that leaving the craft parked in orbit might lead to it falling on one of Saturn's moons. Titan, which was explored by Cassini's companion probe Huygens, and, more surprisingly, the much smaller inner moon Enceladus, have in recent years emerged as two of the most promising sites for extraterrestrial life in the Solar System.
Essentially, the reasoning behind this decision was island biogeography on a much larger scale. Life in the Solar System may have originated in one or several places, including Mars, Earth, and several of the moons of the gas giants. Dispersal of species between planets is even harder than between remote islands in the oceans, but it is not impossible and has been discussed ever since suspected traces of life were found in the Martian meteorite ALH84001 in 1996.
The busy traffi c of robotic probes from Earth to other planets and moons carries the risk of dispersing terrestrial species to our neighbours in space, which then might complicate the task of fi nding out whether any DNA-based life-form we may fi nd elsewhere got there by natural dispersal or by human traffi cking. Seen this way, the Earth is nothing but another island of life in the generally inhospitable vastness of the Universe.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk How did you decide to become a neuroscientist? I always enjoyed biology and am the fi rst scientist in my family. I went to a liberal arts college in the US and as an undergraduate I took a course called 'Mental Illness' that captured my attention and made me think seriously about how the brain produces behavior. I was not sure what I wanted to do after college, but there were some fl iers in the department for graduate programs in neuroscience, so I applied. I was somehow accepted to a graduate program at the University of Alabama at Birmingham.
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Who have been your greatest infl uences in your academic career?
The biggest infl uences in my academic life have been two of my academic advisors. My graduate advisor, Michael Nusbaum, now at the University of Pennsylvania, was very infl uential and supportive. I am convinced I would not have fi nished graduate school, much less been as successful as I was as a graduate student, without him. I was his fi rst graduate student, which allowed me to see how someone started a laboratory, and to be involved in several projects at one time. He demonstrated how to do good science and how to give talks. I remember the fi rst talk I gave: I practiced so much that I could give the talk in my sleep and was so nervous that people in the audience could see me shaking on stage. But what people most
